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Ruclear fisslon and hesvy cocn.ic ray particles are usuwally etudied by, the
aid of shotogrephic plstes or Wilson ‘cloud chambors. In 1945, K. 8, Ivanova
smpioyed cylindrical proportional counters divided into two parts to study
nuslear fission. The work to be described was cariried on by means of similar
woportional comnters., The task undertaken in this work is the clarification
of problems which remained unsolved in N, S. Ivanova's work /17.

The counters used in the present work (Migure 1) are composed of cylinders
dtvided into two parte by a 4O-micron-thick aluminum screen. Each part is an
independent counter. The soresn thickness ie selected so that extransous alpha
particlec from radioactive impurities camnot penetrate from one half of the
counter to the other half. There is a tungsten filament with soparate leads
siretched moross each half cylinder., The ends of the counters are closed with
small glase caps that are ellver-plated outside and inside. The silver-plated
surfases serve as gnard rings, The counters are filled with commercial-grade
argon at a pressure of 410 nillimeters of mercury.

The counters are graduated with the aid f an alpla-particle source scldared
inside their caps. The scuwrce can be moved parallel to the filament., Ths
sensitivity of the apparatus is controlled by measuring the number of impulses
in each half of the counter when the RaD gource 1s brought toward it a deter-
mined distence. Pulses fraa botk halves cf the couater mrs applied to the input
tubes of & two-channel linear smplifier. Ths tirushold of sensitiviiy of the
apparatus 1s determined by the grid bdias on the multividrator which is inserted
after three stages of linear amplification.
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. To study the generation of nuclear {ission in various substances, a cylin;
drical lead layer 35 mililmeters thick 1s Inserted inslde certain vounters.
) The counters with lead lining are hereinafter called "lead."” Comparison of the .
numver of double colncidences in aluminum and load counters made 1t possible to y'
form a judgment about the gemeration of nuciear fission in lead and aluminum. R
. ixperimente with lead and aluminum counters were conducted at altltudues
of 4,700 and 3,860 meters sbove sea level. The pumber of double coimcldences
was measured for various sensitivities of the apparatus. In order to explein
the penetrating pover of perticies generating nuclear fiesicn, the counters .
vere placed inside & lesd filter (Figure 2). Measurements vere made alternately
without the filter and under the lead filter, which assured equal sensitivity
in these experiments. The results of experiments at 4,700 meters above eza level
N are given in Table 1.
Table 1 : T .
Sensitivity No of Double Coincidences per Hr
i, Pairs of Lead Counter Aluminum Counter
Tons Without Under 10 Without Under 12
Fllter cm of Iead Filter cm of Lead
7.0 9 127 ¥ 11.3 g tg. 27.8% 2.7 3h.2t 2.3
830 10 02t o4 65.3 4.6
910 1 25,6% 1.4 25.5* 3.6
° 1000 12 80.5 * 4.3 56 ts.2 ) )
1410 17 bo,7 ¢ 5.1 37.5t 4.3 ’
1600 < 5.1 210 23,021
1910 23 1h,3 21,1 17.7 1.5

Here 10 18 the necespary minimum initial ionization in each counter half
required to permii operation of the apparatus, and n 1s the minimm iaitlal
jonization expressed roughly in the mypmber of relativistic particles with normal
ionization. The results of similar experiments at 3,860 meters are given in .
Table 2 (Figure 3.

Tabls 2
Seneitivity R of Doable Coinciceraes per Fr
- Lesd Counter Hﬁnum Counver
1 Pairs of n Without Undsr 10 Without Under 10
° Ione - Filter cm of leed Filter om of Leed
660 3 43.5%3.% 306 3.%
750 9 24,1t 1.3
830 10 59.4 %3 ot 6.3
910 11 ) ,3%0.9
1580 13 37.0%6.1 29 t5.k4
1310 17 27.871.1 22,5t1.2
1490 18 ¢.9%* 0.5 11.3% 2.7
1560 20 17.7 1.2
1910 23 0.7+ 1.4 1.1% 2.5

It follows from these cxperimenta theat the effect produced in a lead counler
by nonfiltered radiation is 3 - 3.5 times greater than in an alumipum counter.
If the particls spectra (distribution) coming from lead foil apd aluminum and
the "multiplication™ of the particles in both thoee cases are assumed 1o be
identical {this, in other werds, is hardly likely to take place), then the effec-
tive cross section of formetion cf "stars™ is 12 - 15 times great;r in leald than !
in aluminum, This data ie ip good agreement with the results obtained by N. S.
Ivanove who found & four-fold difference between the effect in lead and the effect
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in alwnipum. "ables 1 and 2 show that the effec’ observed in an aluminum
counter 1s produced almnat entirely by penetrating particles, whereas in & lead
counter at high eensitivities about 35 percent of the nuclesr Zisslon 1s pro-~
Anced by particles absorbed by the firet 10 centimsters of lead. V¥hen the
seneitivity is more limlited, the role of these "soft" particles gradually van-
1ghes, The ionized effect of generated particles amounts to 2 _g{; percent of

the 1lonization of the hard coamic ray component.

It may be seen fram Tables 1 and 2 that the number of nuclear fissions in-
oresges rapldly with altitude., If the number of nuclear fissions is taken as '
100 percent of the penetrating yarticles at an altitude of 3,860 meters, then
170 percent will be obtained for an eltitude of 4,700 meters. The effect of
ponfiltered radietion increases with altltude somewhat mcre slowly., To be
exact, 1f the effect of nonfiltered radiation in a lead counter is taken as
100 percent “or an altitude of 3,860 meters, then we shall obtain 153%22 per~
cent for an altidmde of 4,700 meters. Thie indicates the increese im the role
plavsd by soft perticles as the sltitude of the place of observation decreuses.

%hue, the effect of penetrating radiation grovws more rapidly with eltitude : .

+hs wffect of soft radiation, whersas the soft coamic ray componeat is :
Xnovn to increase with altitude somevhet faster than the hard component. If
the curve of ths number of nuclear fisalons versue aliiiude, obtained by Wam-
bacher and other /Z/, is extrapolated, for altitudes 3,800 to L,700 metere the
cuwrrs will almost exactly coincide with »ur curve for noefiltered radiation,

w::?

To clarify the nature of generating particlas st an.eltitude of 4,700
meters above ses level, the following experiment wes carried out: Beaides 10
centimnters of iead, an edditionsl 20-centimeter thick eluminum filter 1. placed
STes 2 lead asumdaw (Tlarmae LY. fha additional filter is taken as aprroximately
equivalent, in icnization losses, to a column of air between 4,700 and 3,860
meters sbove sea level (a column of air welghing 59.0 grams and cne aguere

centimater 1n cross seotiem).

Mersuremsnte under the filter for sensitivity control are alternated with
measurements of the number of double coincidences without any filter. Results

of measurcmenis are given in Table 3.

-~

s

Tadle 3 N : Table 4 .

Sensitivity N~ of Double Coincl- Filter Ho of
i, Pairs dences per hr under Altitnde under Dovkla Co-
of Ioms n 10 cm Pb+ 20 cm AL (in m) Counter incidenceg

830 19 54,51 3,7 3860 10 gm Pb 100

1580 13 k1,5t0,5 h700 10 em Ph 169% 20

1k10 17 32,1%3.3 k700 10 e Pb+

1660 20 2h,3%1.9 20 ca Al 12T 2h

The data on the invrease of penetrating generating particles with altiitvde
apd taeir absorption by solid substances are set forth in Table b (Figure B
This fact ie hard to reconcile with the rapid increase in nuclear Ziesion, well-
imown from many data and in good agreement with our results, that is, *he fact
that figsion, especially dwrlig great tonization, is creatad by penetrating
radiation,

Sanitized Copy Approved for Release 2011/09/13 : CIA-RDP80-00809A000600260308-1




BOKFIRERTIY

CONFITEETIAL 50X1-HUM
Table 5
Ef:f‘ectyiva Cross Section
Substances A (atomic welght) - A 2/3 (sq om)
Lead 207 35 >7.0 « 1029
Aluminum 27 9 1.5 « 10722

Aty k.5 5.% 22,1 » 10-23

The approximate sffectlve cross secticne of absorption of peneﬁ-dting
gensrating perticles, estimated from our experiments, are shown in Table 5.

It may be ssen Trom this able that the effective croza section of absorp-
tion of peretrating generating perticles for alr was found o be greater than
the cross section for alwuminum. Hence, it follows poassibly that penetrating
generating particles are capable of decomposiiion.

Prom the rapid increass in nuclear figsion with altitude 1t follows 1ike-
wise that the crdinary mesons of the hard compoment cannot be generating
particles.

Kaoving (the absorption of genersting particles le assumed to be due to
nuclear fission) the effsctive ebsorption cross section for nuclear fisslcn in
lead, ths pumbsr of nuclzi per unit arca of the counter wall, and the number
of double coliacidences recordsd by the counter, one can evaluate the fiow of
generating particles 886D, The flow at an altitude of 4,700 meters is shown
to be greater ihan the flow of particles of the hard component, that is,
(Egan’_lghard) > 1.

Herps, 1t obviously follows also that no ionlzing particles can be
genera*ing partiocles, since there is no place for them in the ionization of

the hard component.

Therefore, on the bagis of the experiments made, it is poesible to assume
thuat nuclear fission in coemic rays is produced by particles poseossing the
folloving properties: {1) theso particlas react swongly with atcic nuclei
(grsater effectivs oross sections); (2) they are neutrel; and (3) the flow of
thess particles ai great sltitudes is of the same order cf magnitude as the
flov of the hard coamponent of cusmic rays.

These pearticles seem to decampose spontaneously. {f this circumstance
15 confirmed by further experiments, it will mean that generating particles

are not nentrons, but some sort of nev neutral particles.

In conclusion, I wish to express my gratitude to Prof V. I. Veksler for
direoting the work and aiding in its acocmplisiment to V. L. Ginzberg, who
pointed out many experimentas to clarify the nature of & generating camponent,
and to N. A. Dobrotin for his valusble advice and aid during the work.
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Figure 3. ILead Countar
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Figure 5.

1, Crowth of stars. 2. Under 10 cm lead f 20 om alumimm,
3, Growth of hard ccamponent (Azimov)
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